Effects of simulated potassium blockade on the dynamics of triggered cardiac activity.
Under certain conditions, drugs that partially block transmembrane potassium currents in ventricular myocytes predispose patients to ventricular tachyarrhythmias. Although the precise mechanisms by which potassium blockade initiates tachyarrhythmias are unknown, it is believed that early afterdepolarizations (EADs) may play a role. Using the Luo-Rudy kinetic model of the ventricular action potential, we examine the effect of potassium blockade on the likelihood of observing triggered cardiac activity in a system of two coupled kinetic patches. We found that (i) phase 2 EADs are capable of triggering full action potentials in neighboring tissue if the patches are separated by a relatively large resistive barrier, and (ii) partial potassium blockade can either increase or decrease triggering probabilities depending on coupling resistivity. To understand the dynamic contribution of potassium blockade to triggered activity, the two-patch model is decomposed into two single patches. In one of the patches we compute the stability properties of simulated EADs (arising from phase 2 of the ventricular action potential) as a function of potassium blockade. The EAD stability properties are then related to the frequency-amplitude response of the neighboring patch. From the analysis of the decomposed system we found (iii) that increases in triggering probabilities brought about by potassium blockade may result from frequency and amplitude shifts of stable EAD oscillations. The first finding suggests a mechanism by which potassium blockade could induce EAD-triggered arrhythmias within the setting of chronic myocardial infarction. The second and third findings may partially explain why potassium blockade is antiarrhythmic in some patients, and proarrhythmic in others.